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ABSTRACT
Random Amplified Polymorphic DNA (RAPD) was employed to determine the genetic
variability and population structure of grouper (Epinephelus suillus) from Makassar
Strait and Bone Bay, South Sulawesi, Indonesia. Genomic DNA was isolated from
preserved muscle tissue using Phenol-Chloroform technique. Among 24-screened
arbitrary primers, ten primers (OPA-02, OPA-06, OPA-08, OPA-10, OPA-15, OPA-16, OPA-
17, OPA-18, OPA-19 and CA-05) were selected to generate RAPD fingerprinting of
grouper populations. The ten primers generated a total of 212 fragments (loci) and
120 polymorphic fragments in their size ranging from 250 to 2,500bp. The high
polymorphism (60%) was obtained from Makassar population followed by Bone (59%)
and Pare-Pare populations (50%). Similarity index of individuals was 0.86±0.07 for
Pare-Pare, 0.80±0.11 for Makassar and 0.82±0.07 for Bone population. Fifteen fragments
from ten primes were identified as species-specific markers of E. suillus. The UPGMA
cluster analysis showed that the dendrogram seemed to be clustered according to
their geographical location, where Pare-Pare population was genetically closer to
Makassar population (D=0.20) than to Bone population (D=0.24).
KEYWORDS: genetic variability, population structure, RAPD finger printing,
grouper
INTRODUCTION
Groupers (Epinephelus spp.) are popular and
highly valued marine food fish in the markets
of Southeast Asian countries. Epinephelus
suillus is one of the most important commercial
marine fishes in Indonesia. Because of its eco-
nomic importance, genetic variability and popu-
lation structure of this species need to be in-
vestigated in order to design and to implement
adequate management and breeding program.
Identification and characterization of popula-
tion unit of grouper are imperative for fisher-
ies management because efficient resource
utilization can greatly be achieved by manag-
ing on the population level. Genetic variability
is an important feature of population both for
short-term fitness of individuals and long-term
survival of population by allowing adaptation
to occur in a changing environmental condi-
tion. Genetic variation is also important in
farmed population which allows selective
breeding and preventing loss of fitness due to
inbreeding depression. The most popular and
cost-effective method in detection of genetic
variation is isozyme electrophoresis. Despite its
several positive attributes, isozyme has some
limitations such as highly biased genomic sam-
pling (only genes encoding soluble enzyme
are surveyed) as well as small number of loci
available for study (Fritsch & Rieseberg, 1996).
Currently, DNA fingerprinting technique is
extremely efficient for detection of molecular
genetic markers that may be utilized in assess-
ment of genetic variation in fish, differentia-
tion of stocks or populations and fisheries
management. The recent development in the
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detection of genetic polymorphisms is random
amplified polymorphic DNA (RAPD). This tech-
nique, which is based on the polymerase chain
reaction (PCR), amplifies random genomic seg-
ments with a single oligonucleotide primer of
arbitrary sequence (William et al., 1990). In con-
trast to isozymes, RAPD provides a more arbi-
trary sample of the genome and generates es-
sentially unlimited numbers of loci for use
in genetic analysis (Fritsch & Rieseberg, 1996).
The major advantages of the RAPD analysis
approach are that (1) prior DNA sequence in-
formation is not required, (2) laboratory manipu-
lations are simple to perform, (3) large number
of samples can be processed quickly, and (4)
no radioactive reagent is utilized (Yu & Pauls,
1994).
The aim of the study was to determine ge-
netic variability and population structure of
grouper (E. suillus) populations from South
Sulawesi. The data obtained can be used as a
useful guidance in breeding programs and
genetic improvement strategies of grouper.
MATERIALS AND METHODS
Collection of Sample
The grouper (E. suillus) samples were col-
lected from Makassar Strait (Pare-Pare and
Makassar) and Bone Bay (Bone) in South
Sulawesi, Indonesia (Figure 1). The locations,
sample sizes, ranges of body weight and total
length are listed in Table 1. Approximately 50
mg of fresh muscle tissues from each individual
were preserved in TNES-Urea buffer (Asahida
et al., 1996). The preserved samples were
transported at ambient temperature from the
field and kept at room temperature in the labo-
ratory prior to DNA extraction.
DNA Extraction
A Phenol-Chloroform technique was em-
ployed to isolate genomic DNA from the pre-
served muscle tissues. Five hundred microlitres
of lysis buffer (0.5 M NaCl, 0.001 M EDTA, 1%
(w/v) SDS, 0.8% (v/v) Triton X-100, and 0.1 M
Tris-HCl; at pH 9.0) were added to the sample
Figure 1. Sampling locations of grouper, Epinephelus suillus
(Sampling
location)
Pare-Pare
Makassar
Bone
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Table 1. Sampling sites, sample sizes, body weights (BW) and total lengths
(TL) of E. suillus samples
in a 1.5 mL microcentrifuge tube and followed
by adding 40 mL of 10% (w/v) SDS and 40 mL of
proteinase K (20 mg/mL solution). The samples
were incubated at 55oC for 1-3 hours (until
completely lysed). The samples were treated
with 25 mL of RNAase (20 mg/mL solution) and
kept at room temperature for 15-30 minutes.
The sample was then treated with 500-600 mL
of phenol:chloroform:isoamyl alcohol (25:24:1)
and gently vortexed to homogenize it. The
samples were again left at room temperature
for 10 minutes before centrifuged at 13,000
rpm for 4 minutes. The upper aqueous layer
was moved to a new 1.5 mL microcentrifuge
tube. The step of adding phenol:chloroform:
isoamyl alcohol (25:24:1) was repeated twice.
Sample was treated with one volume of
chloroform:isoamyl alcohol (24:1) and centri-
fuged at 13,000 rpm for 2 minutes. Two vol-
umes of ice-cold absolute ethanol were mixed
to the upper aqueous layer by rapid inversion
of the tubes several times. Precipitated DNA
was collected at the bottom of the tubes in
form of a white pellet after centrifuged at 6,000
rpm for 30 minutes. The pellet was washed with
1 mL of 70% ethanol and then spun at 6,000
rpm for 15 minutes. The DNA was left to dry at
room temperature and then resuspended with
TE buffer (10 mM Tris and 1 mM EDTA, pH 8.0).
The genomic DNA was electrophoresed at a
0.8% (w/v) horizontal agarose gel at 55 volts
for 1-2 hours in 1 x TBE buffer (0.9 M Tris, 1.1 M
Boric acid and 25 mM EDTA at pH 8.3 for 10X)
and the staining was done in 0.5 μg/mL of
ethidium bromide for 20-30 minutes. The purity
of genomic DNA obtained was quantitatively
estimated from the ratio between the reading
of absorbency at 260 nm and 280 nm (OD260/
OD280) and also qualitatively observed through
the appearance of a single band on the gel.
Primer Screening
A total of 24 primers commercially available
from Operon Technology Kit A and Gibco-BRL
were screened for a randomly single individual
sample. Among them, ten primers: OPA-02, OPA-
06, OPA-08, OPA-10, OPA-15, OPA-16, OPA-17,
OPA-18, OPA-19 and CA-05 (Table 2), based on
the clarity and sharpness band formed on the
gel, were selected to be used for further analysis.
DNA Amplification
Amplification reactions were performed in
25 mL volumes. Each reaction mixture con-
tained 1X PCR buffer; 3.5 mM of MgCl2; 0.4 mM
of dNTPs mix (Biotools); 0.4 mM of primer; 2.0
units of taq DNA polymerase (Biotools); and 50
ng of genomic DNA. The genomic DNA was
amplified using a GeneAmp PCR system 2400
(Perkin Elmer) which were programmed at 45
cycles for 30 seconds of denaturation at 94oC,
30 seconds of annealing temperature at 36oC,
one minute of primers extension at 72oC, and
a final extension of two minutes at 72oC. The
negative control, PCR amplification without ge-
nomic DNA, was done for every master mix PCR
to ensure the contamination of PCR reactions.
No amplification product in negative control
indicated that the PCR products were not con-
taminated. A mixture of 10 ml PCR product and
2.5 ml loading dye was run on a 2.0% agarose
gel electrophoresis at 55 volts in 1XTBE for 2-
3 hours and then stained with 0.5 mg/mL of
ethidium bromide for 20-30 minutes.  The gel
was documented with Image Master VDS
(Pharmacia-Technology).
Data Analysis
The molecular weight of fragments was
estimated based on the standard of DNA band-
ing pattern from GeneRuler DNA ladder marker
(Fermetas). The fragments were valued as poly-
morphic when they were absent in some
samples (but changes in banding intensity
were not valued as polymorphic). Different
banding pattern generated by each primer was
considered as a different genotype. The pres-
ence of fragment was scored as 1 while ab-
Locat ion
Sample size
(ind. )
Range of BW
(g)
Range of TL
(cm)
Pare-Pare 14 47-294 15.0-24.5
Makassar 16 107-324 18.7-32.5
Bone 16 45-140 16.9-22.8
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Table 2. Primer code, sequence, nucleotide length and GC content used in
Random Amplified Polymorphic DNA analysis
sence was scored as 0 at a particular position
or migrated distance on the gel. Data analysis
was performed using the program RAPDistance
Package Software Version 1.04 (Amstrong et
al., 1994) and Numerical Taxonomy and Multi-
variate Analysis System (NTSYS) Version 1.80
(Rohlf, 1994). The genetic similarity index was
calculated across all possible pairwise com-
parisons of individuals using the formula de-
veloped by  Nei & Li (1979). The dendrogram
was constructed using Unweighted Pair-Group
Method of Aritmethic (UPGMA) employing Se-
quential, Agglomerative, Hierarchical and
Nested Clustering (SAHN) from NTSYS-pc pro-
gram (Rohlf, 1994).
RESULTS AND DISCUSSION
DNA Extraction
The genomic DNA was successfully ex-
tracted from preserved muscle tissue by the
Phenol-Chloroform technique. A clear single
band formed on a 0.8% agarose gel indicated
the high purity of genomic DNA obtained. It is
suggested to use the genomic DNA ranging
from 1.8-2.0 for PCR requirement (Linacero et
al., 1998).  However, in this study, genomic
DNA in slight lower or more than the range was
not found to strongly influence banding pat-
terns. Apun et al. (2000) also reported that the
DNA purity (ratio OD260:OD280 ) ranging from 1.53-
1.96 was sufficiently pure for PCR reaction.
Since the genomic DNA obtained was not de-
graded and no smearing band was detected
on the gel, the DNA amplification of genome
was suspected to produce a good RAPD band-
ing pattern.
RAPD Profile
Different primers generated different RAPD
profiles from DNA amplification. The total num-
ber of fragments, polymorphic fragments and
number of genotypes generated from ten prim-
ers were 5-9, 2-6 and 3-7, respectively; and
their sizes were ranging from 250 to 2,500bp
(Table 3). The RAPD banding patterns of grou-
per (E. suillus) generated by primer OPA-02, OPA-
10, OPA-17 and OPA-19 are shown in Figure 2.
Variation in the fragment numbers and size
ranges generated by different primers within
various populations suggest that the differ-
ence RAPD profile is due to the difference in
the fragment profile. The genotype profile
showing the fragment marker comparison be-
tween each individual from the same species
as a common genotype was chosen as the ref-
erence genotype for the analysis of popula-
tion structure.  Some authors reported the num-
ber of fragments from different fish species
employing the RAPD technique. Six to seven-
teen fragments were observed in tilapia,
Oreochromis spp. (Bardakci & Skibinski, 1994);
one to six fragments in orange roughy,
Haplostenthus atlanticus (Smith et al., 1997);
1 1-9 = Primers from Operon Technologies Inc.,10 = Commercially synthesized primers
from Gibco-BRL
3 Abbreviations: A = Adenine, C = Cytosine, G = Guanine, T = Thymine
No1 Primer Sequence 5' to 3'3
Nucleot ide 
length
GC Content  
(%)
1 OPA-02 TGCCGAGCTG 10-mer 70
2 OPA-06 GGTCCCTGAC 10-mer 70
3 OPA-08 GTGACGTAGG 10-mer 60
4 OPA-10 GTGATCGCAG 10-mer 60
5 OPA-15 TTCCGAACCC 10-mer 60
6 OPA-16 AGCCAGCGAA 10-mer 60
7 OPA-17 GACCGCTTGT 10-mer 60
8 OPA-18 AGGTGACCGT 10-mer 60
9 OPA-19 CAAACGTCGG 
TTCCCACGGATCATGATCAATCAA
10-mer 60
10 CA-05 24-mer 41
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Table 3. Total number of fragments, polymorphic fragments, and proportion of polymorphism,
number of genotypes and size ranges of fragment of E. suillus
five to eight fragments in Salmo spp. (Elo et al.
1997); five to 16 fragments in striped bass,
Morone saxatilis (Bielawski & Pumo, 1997); and
one to 10 fragments in channel catfish,
Ictalurus spp. (Liu et al., 1999).  Different frag-
ment sizes generated by RAPD technique were
also revealed from different species. For in-
stance, the fragment size of 300-2,500bp was
detected in Anguilla spp. (Takagi & Taniguchi,
1995); 600-2,800bp in orange roughy, H.
atlanticus (Smith et al., 1997); 220-1,270bp in
Salmo spp. (Elo et al., 1997); 160-350bp in
striped bass, M.saxatilis (Bielawski & Pumo,
1997); and 200-1,500bp in channel catfish,
Ictalurus spp. (Liu et al., 1999).
 Bowditch et al. (1993) noted that polymor-
phism determines the relationship of the group
or the taxa;  parentage analysis for domestic
and wild animal species; identification of in-
OPA-02 6 3 50 3 550-1700
OPA-06 5 2 40 3 250-1500
OPA-08 6 3 50 5 250-800
OPA-10 7 2 28.6 4 300-1300
OPA-15 6 3 50 3 300-1100
OPA-16 6 4 66.7 5 300-800
OPA-17 8 4 50 5 400-1700
OPA-18 8 3 37.5 3 400-1200
OPA-19 8 6 75 5 320-1700
CA-05 6 3 50 4 300-1200
OPA-02 7 3 42.9 3 550-1700
OPA-06 5 3 60 4 250-1500
OPA-08 9 6 66.7 5 300-1200
OPA-10 8 5 62.5 4 400-1500
OPA-15 8 6 75 5 350-1500
OPA-16 8 5 66.7 5 300-1500
OPA-17 7 5 71.4 3 400-1700
OPA-18 8 3 37.5 3 300-1200
OPA-19 8 5 62.5 3 320-1700
CA-05 7 4 57.1 3 300-1500
OPA-02 7 4 57.1 3 550-1700
OPA-06 6 3 50 3 250-2500
OPA-08 9 5 55.6 6 300-1400
OPA-10 7 5 71.4 7 300-1300
OPA-15 7 4 57.1 3 350-1200
OPA-16 5 3 60 4 350-1500
OPA-17 7 5 71.4 6 400-1700
OPA-18 8 4 50 4 300-1200
OPA-19 7 4 57.1 4 450-1700
CA-05 8 5 62.5 3 300-1500
Bone
Proport ion of 
polymorphism
(%)
Number 
of 
genotype
Size range 
of 
fragment  
(bp)
Pare-pare
Makassar
Populat ion Primer
Total 
number of 
fragment
Number of 
polymorphic 
fragment
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Figure 2. DNA fingerprinting of E. suillus from different populations generated by primer
OPA-02 (A); OPA-10 (B); OPA-17 (C) and OPA-19 (D). GeneRuler 100bp DNA ladder plus
(lane M), representative samples of population from Pare-Pare (lanes 1-3), Makassar
(lanes 4-6), Bone (lanes 7-9) and negative control (NC). The arrows indicate the species-
specific-marker of E. suillus
dividuals for captive breeding program espe-
cially for endangered species; comparison of
the wild and the cultivated species; and esti-
mation of the inbreeding or outbreeding level
in populations. The high polymorphism (60%)
was obtained from Makassar population fol-
lowed by Bone (59%) and Pare-Pare population
(50%)(Table 4). A high polymorphic fragment of
all populations indicates a low level of inbreed-
ing among individuals of each population. It is
also supported with the fact that the grouper
samples were collected from the wild popula-
tion. High polymorphism detected with RAPD
markers is probably due to the preferential
amplification of the non-coding repetitive re-
gions of the genome. Since primer is random
in nature, coding and non-coding regions may
be targeted for PCR amplification.
A level of diversity ranging from 33.33%-
50.00% was also reported in the population of
Pampean freshwater shrimp, Macrobranchium
borellii with RAPD marker (D’Amato and Corach,
1996). Garcia & Benzie (1995) showed a high
polymorphism of shrimp (39-77%) using both
RAPD and allozyme markers. The RAPD analy-
sis has also shown the high polymorphisms
(85.5%-98.5%) among individuals of sea cucum-
ber within the same locality (Norazila, 2000).
Similar findings were also detected in the tila-
pia, O. niloticus population in Lake Albert and
Lake Edward  (Mwanja et al., 1996) and in striped
bass, M. saxatilis from five populations
(Bielawski & Pumo, 1997).
Similarity Index
The similarity index of population E. suillus
was 0.86±0.07 for Pare-Pare, 0.80±0.11 for
Makassar and 0.82±0.07 for Bone. The high
similarity index obtained in this study indicates
the low degree of variability. Makassar popula-
tion showed the highest variability while the
Pare-Pare population had the lowest variability
among individuals within the population. The
high similarity indices of intra-populations
suggested the genetically closely related in-
dividuals in each population. This also indi-
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cated that fish samples were collected from
the relatively small geographic area for each
population. The greatest amount of variation
within individuals in Makassar population was
also confirmed by the high polymorphism level
among individuals (60%). Similar results on RAPD
analysis were reported on the Malaysian river
catfish, M. numerus. The intra-population simi-
larity index of M. numerus ranged from 0.51 to
0.90 (Kim, 1998; Lim, 1998). Their study re-
vealed unusual genotypes (5.04%-8.55%) which
decreased the value of the similarity index.
This also affected to the difference in the ge-
netic distance in each population. The similar-
ity index among individuals at different popu-
lations of striped bass, M. saxatilis ranged from
0.92 to 0.96 (Bielawski & Pumo, 1997). The mean
similarity index of the common silver-biddy,
Gerres oyena was 0.558±0.060 within the
Miyazaki population and 0.634±0.86 within the
Okinawa population (Miyanohara et al., 1999).
Genetic Distance
The genetic distance obtained varied from
0.20 to 0.24 in pairwise comparison between
E. suillus populations. The dendrogram showed
that the Pare-Pare population was found to be
genetically closer to Makassar population
Table 4. Summary of genetic variability of grouper (E. suillus) from different locations
revealed by RAPD analysis
(D=0.20) than to Bone population (D=0.24)
(Table 5 and Figure 3). The results indicated
that geographical distance influences the ge-
netic distance of the grouper population. The
important factors affecting gene differentiation
among populations are the isolation and the
fish genetic drift (gene migration). The genetic
drift is the random intergenerational change in
gene frequency due to its finite population
size (Jorde, 1995). Ferguson et al. (1995) also
noted that small isolated populations, genetic
variability could be substantially reduced
through genetic drift resulting in the loss of
alleles and decline in heterozygosity. It is com-
monly agreed that since the sampling sites of
both populations are from neighboring sites
located on the Makassar Strait, South Sulawesi
waters, Indonesia. Therefore, they might have
originated from the same ancestral population
and a close genetic relationship is expected.
This also suggests that there is frequent mi-
gration or gene flow between these popula-
tions. The gene flow reduces the genetic dis-
tance among populations; when two popula-
tions manifest the same genetic distance, they
are expected to communicate from one to an-
other via gene flow (Jorde, 1995). The value of
genetic distance of E. suillus populations re-
Table 5. Genetic distance of RAPD marker in three populations
of grouper (E. suillus)
Pare-Pare Makassar Bone
Total number of primer 10 10 10
Total number of fragment 66 75 71
Number of fragment 6.6±.1.07 7.5±1.08 7.1±1.10
Number of polymorphic   fragment 3.3±1.15 4.5±1.17 4.2±1.78
Polymorphism (%) 50 60 59
Number of genotype 4.0± 0.9 3.8± 0.9 4.3± 1.4
Size range of fragments (bp) 250-1700 300-1700 250-2500
Populat ions
Pare-Pare Makassar Bone
Pare-Pare 0.00
Makassar 0.20 0.00
Bone 0.24 0.23 0.00
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vealed by RAPD analysis is substantially wide
in the genetic constitution compared to the
tilapia (0.04-0.034) (Bardakci & Skibinski, 1994)
and hilsa sad populations (0.08-0.16) (Dahle et
al., 1997).
The relatively high genetic distance be-
tween Pare-Pare and Bone populations is re-
flected by the low-shared genetic drift for both
populations. The other possible reason could
be that the physical separation of the coastal
water between the west and east of South
Sulawesi continent serves as the geographi-
cal barrier and thus restricts the distribution of
this species. The dendrogram of catfish, M. nu-
merus revealed by RAPD and AFLP analysis also
showed that the Serawak population was ge-
netically different from the other populations
studied in Peninsular Malaysia (Kim, 1998);
while the population between Kedah and
Trengganu showed a higher genetic distance
compared to the other studied populations
(Lim, 1998). Menezes & Parulekar (1998)
pointed out that the potential genetic differ-
entiation between populations of a species
depends upon a number of variables, such as
migration rate, the number of individuals within
a population and natural selection at different
loci.
The effect of the physical barrier on the
sciaenid species populations , Nibea mitsukurii
was reported by Menezes & Parulekar (1998).
A barrier preventing the gene flow between
Tosa Bay and Atsumi Bay caused a spatial ge-
netic discontinuity of this species between
these two locations. Geographical isolation
was also observed in the brown trout and salmo-
nid species (Ferguson et al., 1995). Hence, the
Figure 3. UPGMA cluster analysis based on the genetic distance generated from Nei
and Li’s indices at different E. suillus populations
migration as well as the geographic isolation
play an important role in causing the current
genetic relationships of the populations.
A number of studies have been conducted
to determine the influence of geographical
distribution and gene flow in populations. The
genetic distance of the Japanese sciaenids
(Pennahia argentata) sampled from six loca-
tions varied between 0.0006-0.0018 (Menezes
& Parulekar, 1998). The low genetic distance
in P. argentata suggests the occurrence of
frequent gene migration flows between popu-
lations. This particular species recognizes its
habitat and spawning ground in offshore wa-
ters than the other species apart from having a
wide geographical distribution. In the Atlantic
eel (Anguilla rastrata), which has a single
spawning ground, there were significant ge-
netic differences between adults and juve-
niles, and among localities along the east coast
of the United States (Smith, 1994).  Jorde (1995)
illustrated the effect of the migration to the
genetic variation of the North American eel and
humpback whales. The eels migrated to the
Sargasso Sea to reproduce as one massive
population and consequently, the individuals
inhibiting different streams showed no geo-
graphic differentiation. In contrast, the hump-
back whales inhibiting the same streams but
did not leave their home streams to spawn,
showed substantial genetic differentiation. It
can be concluded that the eels show a very
high rate of gene flow while the humpbacks
have a low rate of gene flow among sub-popu-
lations.
Genetic distance between populations of
E. suillus in this study shows its dependence
0.250
Pare-Pare
Makassar
Bone
Population level0.240 0.230 0.220 0.210 0.200 0.190
0.20
0.24
-
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with the geographical location. This result sug-
gests that the geographical location of these
populations is in agreement with their position
in the phylogenic tree. On the other hand,
Bielawski & Pumo (1997) reported that there
was no association between genetic distance
of populations and geographic distances. They
found that the genetic distance of five popu-
lations of striped bass exhibited inconsistency
to the geographical patterns.
The breeding program can be formulated
to increase genetic variation in E. suillus from
different populations. Based on its high poly-
morphism and genetic variability, E. suillus from
Makassar could potentially be used for manipu-
lation breeding purpose with other popula-
tions. As such, this is expected to increase
the genetic variation of the grouper species
from this breeding purpose. Koh et al. (1999)
noted that the reproductive breeding program
could be formulated to increase genetic varia-
tion within broodstock with high similarity co-
efficient value by outcrossing with other
breeders. This is useful for the breeding pro-
gram of endangered species. However, it is
important to know the degree of genetic rela-
tionship of individuals so that deleterious ef-
fects from inbreeding can be minimized
(Groombridge, 1992). Tam (2000) proposed the
formulation of angelfish (Pteropyllum scalare)
breeding program based on the similarity co-
efficient in RAPD analysis. The result of his
study suggested that the black, silver and koi
varieties could be hybridized to increase their
genetic divergence and to avoid inbreeding
effects. Koh et al. (1999) reported that the in-
breeding among the variety of wild and culti-
vated Discus species, Symphysodon spp. must
be carefully monitored on the basis of their
classification and genetic patterns.
Diagnostic Marker
A diagnostic RAPD marker was observed by
the presence of species-specific fragment in
all individuals of E. suillus from different popu-
lations. Based on the RAPD banding pattern from
three populations (Figure 2), the fragments of
700bp and 950bp from OPA-02; 900bp from
OPA-06; 400bp from OPA-08; 550bp from OPA-
10; 350bp from OPA-15; 650bp and 700bp from
OPA-16; 850bp from OPA-17; 1,200bp, 950bp,
650bp and 550bp from OPA-18; 750bp from
OPA-19; and 650bp from CA-05 were observed
as species-specific markers of E. suillus. The
establishment of the species-specific marker
on genetic population study of E. suillus is use-
ful for RAPD fingerprinting of this species. Simi-
lar finding was reported by Bardakci & Skibinski
(1994). They found that all tested primers (13
RAPD primers) generated the species-specific
marker of tilapia.  Hadrys et al. (1992) noted
that RAPD fingerprinting of genera, species and
individuals specific marker is a potential use
of polymorphic and non-polymorphic RAPD frag-
ments as diagnostic markers.
The other diagnostic marker of this study
is the presence or absence of fragment for all
individuals in certain populations. For instance,
the fragment 1,100bp (generated by OPA-15)
and 1,550bp (generated by OPA-17) were ob-
served in Pare-Pare population but they were
absent in Makassar and Bone populations.
These phenomena show the indication of ge-
netic marker in differentiating population. Simi-
lar findings on population genetic marker have
been reported from the tilapia, tiger barb
and sea cucumber. Proportion of tilapia
(Oreochromis esculentus) diagnostic bands
that appeared in particular population was
found to be the highest in samples collected
from Lake Nabugabo (21.10%) followed by Lake
Kachira (8.20%), Lake Mburo (6.67%) and Lake
Victoria (0.91%) (Mwanja et al., 1996).  Asma
(1999) reported that a diagnostic marker (frag-
ment of 1,550bp) of tiger barb (P. tetrazona) in
green variety was present in Perak population
but it was absent in Johor population. Fragment
200bp produced by primer NUSZG2, NUSZG3
and NUSZG4 was present in sea cucumber
samples from Perak locality but it was not
present in the other observed localities
(Norazila, 2000). Miyanohara et al. (1999) also
reported that the genetic difference between
the Okinawa and Miyazaki populations of the
common silver-biddy (Gerres oyena) was dis-
tinguished by the A29-260 marker. This frag-
ment was observed in all Miyazaki samples but
it was not observed in the ones of Okinawa.
CONCLUSION
The ten selected universal primers gener-
ated a total of 212 fragments (loci) and 120
polymorphic fragments and their sizes are rang-
ing from 250 to 2,500bp. The high polymor-
phism (60%) was obtained from Makassar popu-
lation followed by Bone (59%) and Pare-Pare
populations (50%). Similarity index of individu-
als was 0.86±0.07 for Pare-Pare, 0.80±0.11 for
Makassar and 0.82±0.07 for Bone populations.
The UPGMA dendrogram seemed to be clus-
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tered according to their geographical locations,
where Pare-Pare population was genetically
closer to Makassar population (D=0.20) than to
Bone population (D=0.24).
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